The static and dynamical yield stress of the material of a thick steel plate may be estimated by pressing and by dropping a hard steel ball on a plane surface of the plate which has been ground and then polished. Under these conditions, the first appearance of an indentation on the polished surface can be detected with good accuracy, either by an optical interference method, or by an optical reflexion method. The statical experiment consists in finding the least force which must be applied to the steel ball to produce a permanent indentation, whilst the dynamical experiment consists in finding the least normal velocity of impact which gives similarly a permanent indentation. Using either the Guest-Mohr principal-stress difference or the von Mises shear strain energy hypotheses as criteria of failure, combined with an analysis of the stresses in the plate, it is shown how the appropriate yield stress can be calculated from the experimental data.
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The static and dynamical yield stress of the material of a thick steel plate may be estimated by pressing and by dropping a hard steel ball on a plane surface of the plate which has been ground and then polished. Under these conditions, the first appearance of an indentation on the polished surface can be detected with good accuracy, either by an optical interference method, or by an optical reflexion method. The statical experiment consists in finding the least force which must be applied to the steel ball to produce a permanent indentation, whilst the dynamical experiment consists in finding the least normal velocity of impact which gives similarly a permanent indentation. Using either the Guest-Mohr principal-stress difference or the von Mises shear strain energy hypotheses as criteria of failure, combined with an analysis of the stresses in the plate, it is shown how the appropriate yield stress can be calculated from the experimental data.
Tests were made on a specimen of mild steel, two specimens of homogeneous armour plate and a very hard nickel-chrome steel of the type used for ball and roller bearings. The ratio of the dynamic value of the yield stress to the static value was found to increase as the hardness number decreases; the ratio was practically unity for the nickel-chrome steel, about 1*1 for the armour plate and about 2 for the mild steel.
The values of the static yield stress found by the ball method and by an ordinary tensile or compression test are different; this is probably due partly to the inaccuracy of the criteria of plastic flow, partly to the difference in work-hardening in the two experiments, and partly to changes in the structure of the surface due to polishing. This discrepancy is without effect on the ratio of the dynamic to static yield stress as determined by the ball method, since the stress distributions in the static and dynamic ball experiments are identical.
I n t r o d u c t i o n
In the early part of 1941, a series of experiments was carried out a t the Engineering Laboratory, Cambridge, in conjunction with Sir Geoffrey Taylor, to estimate the static and dynamic yield stresses of the material of a thick steel plate by pressing and dropping a steel ball on the plate. A brief account of the work has already been given by Sir Geoffrey in the 'James Forrest Lecture' to the Institution of Civil Engineers (Taylor 1946) . When a steel ball is pressed with a gradually increasing force against the surface of a steel plate, the behaviour of the plate and ball is elastic up to a certain limit determined by the stress distribution in the system; beyond this limit, plastic flow occurs and if, as is usually the case, the hardness of the ball exceeds th at of the plate, failure will be accompanied by the appearance of a permanent indentation in the surface of the plate. If this surface is first ground plane and then polished, the first appearance of an indentation can be detected with considerable accuracy by optical methods, and thus the minimum load, Pmln say, required to produce plastic flow can be determined experimentally.
Similarly, in the impact of a steel ball against a steel plate, the behaviour is elastic for small velocities, but at greater velocities, the plastic limit is reached and, as in the static case, it is possible to determine experimentally the minimum velocity of impact, vmln say, which gives rise to a permanent deformation.
Knowing Pmln and ■ vmln_, the corresponding stress distributions a t the plastic limit in the material of the plate can be calculated, and by applying one of the recognized empirical criteria of failure, the yield stress can be calculated. In the case of ductile materials, such as steel, for which the tensile yield stress is approximately equal to the compressive yield stress, the Guest-Mohr hypothesis appears to be reasonably satisfactory as a criterion of failure, and it is adopted as such in this paper. According to this hypothesis, failure first sets in where and when the maximum value of the difference of the so-called principal stresses becomes equal to the value of the direct yield stress determined in the usual way in a tensile test. I t thus becomes necessary to calculate the differences between the various principal stresses in the case of a sphere pressing or impinging against the plane surface of an elastic semi-infinite medium.
The fundamental analysis of these problems in the elastic regime was first given by Hertz (1881); the relevant results for the purpose of the present paper are given in § 2 below. H ertz's investigations were confined to the phenomena occurring in the area of contact of the bodies, although his equations apply to the whole of the bodies in contact; explicit solutions for the internal stresses and strains, derived from the fundamental equations given by Hertz (1881), have been given by Huber (1904) , by Fuchs (1913) , and by Morton & Close (1922) for the case where the area of contact is a circle, whilst Thomas & Hoersch (1930) have given a more general solution covering the case where the area of contact is not a circle. Numerical calculations, based on Huber's equations and applicable to the present work, are given in § 3 below. For the contact of a sphere and a plate, the most striking result is that, whereas the actual value of the normal pressure is a maximum a t the centre of the area of contact, the difference of the principal stresses reaches a maximum slightly below the centre of the area of contact, in the material of the plate. After this result had been found, it was discovered that it had been noted, for the somewhat similar case of a thick plate under a load distributed uniformly over a circle, by Coker & Filon (1931) and by Thomas & Hoersch (1930) for the more general case.
From this result it follows, according to the Guest-Mohr hypothesis, th at failure will start, not in the area of contact, but a t a point below this. In point of fact this has been proved to be the case in a series of experiments by Thomas & Hoersch (1930) ; these experiments were carried out with large case-hardened steel cylinders pressed into contact with mild steel plates with forces of the order of 10 tons. The flow which occurred when the plastic limit was exceeded was detected by sectioning the steel plates and etching the sections by a process due to Fry (1921) .
According to the Guest-Mohr hypothesis, the maximum difference of principal stresses at the plastic limit is equal to the yield stress determined in the usual way by a tensile test; for steel with Poisson's ratio equal to 0-286, the calculations given below show that the maximum value of the difference of the principal stresses is equal to 0-63 times the maximum normal pressure in the area of contact, and since the value of this quantity a t the plastic limit can be determined from the values of Pmln and vmln , it follows that the yield stresses under static and dynamic conditions can be calculated. In connexion with the dynamical experiments, it should be pointed out th at the rate of stressing is extremely high; the time of contact of ball and the plate is of order 30fisec. (1 [ is ec. = 10~6sec.); the tim is one-half of this, whilst the maximum difference of principal stresses a t the yield point is of order 81 tons/in.2; the average rate of stressing is thus of order 5-4 x 106 tons/in.2 sec.
It should be pointed out th at there is some similarity in experimental procedure between the static experiments described in this report and some experiments (notably by Hertz and Auerbach) on hardness; an excellent summary of these experiments is given by O'Neill (1934) . A fundamental difference does however exist, since previous experiments (apart from those of Thomas & Hoersch 1930) , have confined themselves to a consideration of the stresses in the area of contact. No trace of any account of an attem pt to measure the dynamical yield stress by a ball method has been found in the literature.
Recently, an interesting paper on the related subject of the theory of static and dynamic hardness has been published by Tabor (1948) ; like most investigators of hardness, Tabor is concerned with the fully developed plastic flow which occurs in practical hardness tests, whereas the present paper deals with the first observable transition from the elastic to the plastic states.
S t r e s s e s i n t h e a r e a o f c o n t a c t o f a s p h e r e a n d A SEMI-INFINITE SOLID
The theory of the stresses and strains produced when an elastic sphere is pressed statically against the plane surface of a semi-infinite elastic body is a special case of H ertz's theory of contact between two elastic spheres. Considering the case of a sphere of radius R pressed with a total force against the plane surface of a semi infinite body of the same material, then under equilibrium conditions, the sphere and the solid are in contact over a portion of a spherical surface of radius 2R ; the surface of contact is bounded by a circle-the circle of contact-and if the radius of this circle is a, then by a reduction of H ertz's equations as given by Love (1934) , it can be shown th a t as = ^ _ (2-1)
where E and cr are respectively the Young's modulus and the Poisson's ratio of material of the sphere and solid.
The distribution of normal pressure over the area of contact follows the law
where p is the normal pressure a t distance r from the centre of the circle of contact and p' is the maximum normal pressure in the circle of contact. Clearly p = p ' when r = 0. From equation (2*1) the mean normal pressure, p, over the area of contact is
From equation (2-2), it can be shown th at and thus
For steel, we may assume E -20 x 1011 dynes/cm.2 = 12,950 to (cf. Southwell 1936); equations (2-1), (2-3) and (2-5) then become a3 = 6*885 x 10~13PP, (2-la )
where P is expressed in dynes, p and p ' in dynes/cm.2 and R in cm. In order to gain some idea of the order of magnitude of the quantities involved, table 1 gives the total thrust P required to produce a maximum normal pressure of 1-85 x 1010 dynes/cm.2, which equals 120 tons/in.2 (1 ton/in.2 = 1-545 x 108dynes/cm.2) for steel balls of various diameters; the last column gives the radius of the circle of contact under these conditions. Turning now to the case of impact of elastic bodies at moderate velocities, the problems of elastic contact and elastic impact are in essence identical (Love 1934) and, allowing for the fact th at the force between the bodies in impact is due to the decelera tion of the moving bodies, the mechanics of the impact of a sphere of radius striking normally the plane surface of a semi-infinite solid with a velocity v, can be developed. If p is the density of the material of the sphere and the solid, duration of impact, r, is given by
The maximum value, Pm, of the total force developed during impact is
At maximum compression, the radius, am, of the circle of contact is
Again, a t maximum compression, the mean normal pressure, pm, is
and the pressure at the centre of the circle of contact, p'm (again a t maximum compression), is ( f Pm = I '&Pm = -(2-57 |y -J For steel, with the values assumed above for E and cr, and with p = 7-8 g./cm.3, these equations become r = l-775 x 10 (2-6a) Pm = 6-79 x 10 (2-7a) am = 7-76 x 10-3^* , (2-8a)
where r is in sec., am and R in cm., v in cm./sec., Pm in dynes, p ' m and pm in dynes/cm.2. For comparison with experimental results, it is convenient to express these quantities in terms of the vertical height h through which the ball must be dropped in order to acquire velocity v. If h is in cm., then r = 8-31 x sec., (2-6 6) A striking feature brought out by the data given in this table is the surprisingly large values of the normal pressure given by small values of velocity and height of drop.
I n t e r n a l s t r e s s e s d u e to c o n t a c t o f a s p h e r e a n d A SEMI-INFINITE SOLID
For the calculation of the yield stress in the way outlined in § 1, a knowledge of the principal stresses in the interior of the semi-infinite solid is required. Figure 1 shows the sphere in contact with the semi-infinite solid; the radius of the circle of contact is a; the load, P dynes, is assumed to be vertical and the plane surface of the solid horizontal. For the sake of clearness, the deformations have been exaggerated. Let the point of contact of the sphere with the plane, when the load P is infinitesimally small, be taken as the origin, O, of a system of rectangular co-ordinates, the z axis being normal to the surface A B and the x and y axes lying in the surface. Because of symmetry about Oz, it is sufficient to consider stresses in the yz plane, which will be taken as the plane of the figure. Let C be the point (y, z), or (r, 6) referred to plane polar co-ordinates with O as origin and Oz as initial line. Because of
symmetry, the stresses at C reduce to normal stresses X x, Y y, Zz and the tangential stress Yz, where, in the usual notation, X x is the force per unit area, in the direction of x, on an infinitesimal area with its normal along ...; Yz is the force per unit area, in the direction of y, on an infinitesimal area with its normal along 0 3.
Numerical values for X x, ..., Yz for the contact of a sphere and a plane have been worked out for steel, with the elastic constants given above, from the equations of Huber (1904) and these are shown in figures 2 to 5 for 30, 60 and 90°
respectively. In these figures, the ratio rja (where a is the radius of the circle of contact) is taken as abscissa, and the ratios ..., Y J p ' (where is the maximum normal pressure in the circle of contact) are taken as ordinates.
The determination of static and dynamic yield stresses 423 From the values of X x, ..., Ys, the values of the three principal stresses can be determined. Because of symmetry, the three principal planes of stress, i.e. the planes on which the shear stresses vanish, are the yz plane and two planes perpendicular to the yz plane and to each other; if y, 7 + are the angles between these planes and Oy, then by well-known relations (Southwell 1936, p. 136, equations (27) and ( In the present case, except for r^d when 0 90 , | <r I o-3 -O'! I or | O'! -0-21; apart from the region of the surface where > it is j cr2 -cr3| th at determines the in cidence of plastic flow in the material, and the variation of this quantity with r is shown in figure 6 for different values of in this figure rja is plotted as abscissa and j <r2 -o"31 as ordinate except for 6 = 90°, where the larger principal stress difference is taken instead of | <r2 -<r3 . The family of curves in figure  6 bring out clearly the point made in § 1, th a t the maximum value of the difference of the principal stresses occurs not in the area of contact but below this point, within the semi-infinite medium. The lines of constant principal stress difference in the interior of the semi-infinite solid are shown in figure 7 , in which the surface is denoted by A A and the normal stress distributed over the surface of contact is represented by vertical lines drawn from A A to the semicircle CDG.
The maximum value of the difference of the principal stresses is 0-63p' and there fore, according to the Guest-Mohr hypothesis, the yield stress, p v say, of the material is equal to 0-63^)^., where p'm\rs. is the value of the maximum normal pressure on the area of contact when permanent indentation first makes its appearance.
For a static experiment, from equation (2*5a), j v in-= 6-14 x 107PfIliny P !, where, as in §1, P niin. is the least static load (expressed in dynes) required to produce an indentation. Thus, if p y s is the static yield stress, Vys = 3-87 x 107P*nin./P* dynes/cm.2.
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diameter of circle of contact max:
For a dynamic experiment, from equation (2* 10a), p m\n, -5-39 x 109v*nin>, where, as in § 1, vmln is the smallest normal velocity of impact (in cm./sec.) which gives rise to a permanent indentation. If p yd is the dynamic yield point, then Vyd = 0-63Klin. = 3-40 x 109t4in. dynes/cm.2.
D e s c r i p t i o n o f t h e e x p e r i m e n t s
Tests were carried out on specimens of mild steel of low carbon content, two types of homogeneous armour plate (denoted by WTM and WTN respectively) and very hard nickel-chrome steel of the type used in roller bearings. The specimens varied in size and shape, but they were all more than If in. thick and their transverse dimensions were greater than 2 in. One face of each specimen was first ground plane and then polished so th at over a small region (say, 1 cm. square) the surfaces were optically flat. When an indentation was made by a ball, statically or dynamically, on the polished surface of a test plate, the surface of the indentation appears to be spherical, and if the ball used for making the indentation was polished, the indenta tion was found to be sufficiently polished to reflect light like an optically worked mirror. Two optical methods were found to be available to detect an indentation and, if necessary, to measure its radius of curvature.
(a) Interference method
When a plane-parallel piece of optically worked glass was laid on the polished surface of the test plate, equidistant, straight, parallel interference fringes were seen by reflexion when the system was illuminated, using a sloped piece of glass, with monochromatic light. The fringes were observed in the usual way through a lowpower microscope fitted with an eyepiece containing a cross-wire which was moved by a micrometer screw. The source of monochromatic light was either a sodium flame or a mercury arc fitted with a filter to isolate the green line; the wave-length of the light was 5-893 x 10 ~5 cm. in the former case and 5-461 x 10~5 cm. in the latter.
When an indentation was made in the surface of the test plate and the interference fringes were observed, the indented portion of the surface gave rise to one or more circular fringes in precisely the same way as the familiar Newton's rings formed by the curved surface of a spherical lens and an optical flat. These rings were easily detected in the field of view of the microscope, even if only one was present; if two or more were present, the radius of curvature of the indentation could be measured since two adjacent rings represent contour lines of the indentation differing in depth by |A, where A is the wave-length of the monochromatic light used. If and x" are the radii of two consecutive dark fringes, and if be now the radius of curvature of the surface, then p = (a/2 -#"2)/A. (4-1)
If only one fringe was present, an estimate of the radius of curvature could be made by gently moving the upper glass plate, keeping the system of fringes parallel to their original direction, so th a t the circular ring was first in the centre of a bright fringe and secondly in the centre of the next dark fringe. The two radii of the ring ( y 'and y", say) correspond to a difference in depth of JA and the radius of curvature, p, of the surface is P -2(y'2 -y"2)/A. (4-2) 6 (6) Mirror method In this method, the indented portion of the surface was regarded as a minute spherical mirror. If the light from an illuminated small aperture a t an infinite distance away were allowed to fall on this mirror, an image of the aperture would be formed at distance/from its pole, w here/is the focal length of the mirror; if p is its radius of curvature, then p = 2 / . In practice, the illuminated small aperture a t infinity was a circular hole about 0-2 mm. diameter, placed a t the focus of a con verging lens and illuminated by the light from a 500 candle-power 'Pointolite' lamp.
The light from the lens travelled horizontally, and was reflected vertically on the horizontal polished surface of the steel plate by a microscope slide at 45° to the horizontal. The illuminated surface of the plate was viewed through a microscope with its axis vertical. When the microscope was focused on the surface, any indentation in the field of view became visible, and, as a rule, inevitable particles of fine dust were also seen. If the microscope was focused a little below the surface, the indentation appeared as a dark circular patch, surrounded by a bright circular ring, caused by the transition between the indented and plane portions of the polished surface. On racking the microscope up from the position in which it was focused on the surface, dust particles gave rise to various diffraction patterns, including a bright point of light surrounded by alternate bright and dark diffraction rings; an indenta tion similarly gave rise to various systems of circular diffraction rings, but at one fairly well-defined position of the microscope, the image of the circular aperture was clearly seen in focus as a very brilliant small circle of light. I t was easy to distinguish between the image of a genuine indentation and the spurious images due to dust particles, since, on focusing on or slightly below the surface, the dust particles became clearly visible whilst the indentation gave the characteristic dark circular patch, surrounded by a bright circular ring.
Where necessary, the radius of curvature of the indentation was measured by finding the vertical distance through which the microscope must be moved from the position in which the polished surface is in focus to the position in w'hich the image of the aperture is in focus.
Both methods of detecting an indentation are very sensitive and they will detect an indentation the depth of which is of the order of one wave-length of light.
Turning to the procedure adopted in applying a given load in statical experiments and in producing an impact with a given velocity in dynamical experiments, it is clearly necessary to arrange th at contact between the ball and the plane surface takes place at an undamaged portion of the surface and th at some method is available to ensure th at the region of contact in a particular test can be identified for examina tion after the test. In the present experiments, a simple procedure for locating the test region relative to suitable rectangular co-ordinate axes, was used. It is also important that the ball and the plate should be degreased, by washing with a solvent such as carbon tetrachloride, before each test.
The apparatus used to apply the load in statical experiments is shown in figure 8 , where A represents the steel block under test, resting on a sheet of rubber B and supported by the projecting portion of a length of 3 in. steel channel which was firmly clamped to a table. The steel ball D rested in a conical seating in the upper horizontal member E of the metal framework F; the load was applied by gradually and carefully adding weights to a scale pan attached to the mid-point of the lower horizontal member of I'1, a spring S being interposed between G and the scale pan.
It is important that the ball should not roll on the surface of A when the load is being applied; to prevent rolling, E is kept horizontal during the application of the load, a preliminary balancing experiment having been made to ensure that the point G lies vertically under the centre of the conical seating at D when E is horizontal.
In the dynamical tests, an obvious way of carrying out the experiment would be to drop the ball vertically from the appropriate height on the horizontal surface of the plate. This method was unsuitable for the present experiments, since the heights of fall are quite small on account of the large stresses produced by small impact velocities, and it would therefore be difficult to catch the ball so as to avoid more than one impact. It was therefore decided to arrange the block with its polished face in a vertical plane, to suspend the ball on a fine thread, in pendulum fashion, and to allow it to fall, from a displaced position,'so as to strike the block normally. When the length of the pendulum is 30 cm. a vertical drop of 1 cm., giving a velocity of impact of 44*3 cm./sec., corresponds to a horizontal displacement of about 7-5 cm., and it was easy to catch the ball by hand after the first impact.
scale pan F igure 8
E x p e r i m e n t a l r e s u l t s (a)Hardness and tensile test results
The results of tests on the specimens are summarized in table 3. The figures given in the last two columns were obtained by ordinary tensile tests for the two specimens of armour plate and by a compression test for mild steel. The ultimate stress is calculated on the reduced area at fracture. 
771
--
(b) Static tests by the ball method
The consistency of the results obtained by the ball method under static loading can be gauged from table 4, which relates to the specimens WTN of armour plate. In this table, the 'upper limiting load' is used to denote the smallest load which formed a permanent indentation, whilst the Tower limiting load ' denotes the largest load which produced no indentation; the mean of these two quantities is taken as the minimum load, Pmin, required to produce an indentation. As in §3, ls flle maximum normal pressure in the area of contact when the total load is Pmln . Table 4 shows th at there is no serious systematic variation in the result for the yield stress when ball diameter is varied. The scatter of the results is due partly to experimental error and partly to non-uniformity in the plates, and to the effect of polishing on the structure of the surface layers. In this connexion, it must be remembered th at the volume of metal affected by a test is very small, being of the order of the volume of a hemisphere whose radius is equal to the radius of the circle of contact given by H ertz's theory, i.e. of the order of 0-002 to 0-005 in.
(c) Dynamic tests by the ball method
The results of some experiments, carried out to test the consistency of the method, are given in table 5. As in §2, hr epresents the vertical height thro ball falls before impact; the upper limit of is the smallest value of h which was found to make an indentation, whilst the ' lower limit of ' is the largest value of h which was found to produce no indentation. The mean of these two figures was taken as Amin, the minimum value of h which gives an indentation.
in-is the maximum normal pressure, in the area of contact, corresponding to Amln.
The results obtained with the three sizes of balls show th at vmirii is sensibly independent of bail diameter as predicted by theory (see equation (3-3) ).
(d) Summary of experimental results
The results of the experiments carried out on the various specimens are summarized in table 6. (a)denotes a (1), (2), (3) and (4) denote that the tests were made with balls of diameters f , l, | and tV in. respectively. Table 6 shows two points of interest in connexion with the results of the present experiments. In the first place, the value of the static yield stress determined by the ball method is significantly higher than the value obtained by an ordinary tensile or compression test; and in the second place, there is a striking increase in the ratio of the dynamic and static yield stresses, found by the ball method, as the hardness number decreases.
D is c u s s i o n
Considering the first point, one possible explanation of the discrepancy is th at the factor 0-63 in the equation p y -0-03^j'nin of p. 424-5, is in error assumption of the values of the elastic constants. Calculation shows th at the factor depends only on the value of Poisson's ratio, cr, and th at its values corresponding to the extreme values of cr for steel, namely 0-25 and 0-3, are 0-64 and 0-62 respectively. This difference is too small to explain the discrepancy in experimental results.
Another possibility of explaining the difference lies in the approximate nature of the Guest-Mohr criterion, which forms the basis of the method which gives the factor 0-03. At the same time, it should be pointed out th at in the present case, because of the symmetry about 0" of figure 1, the equation -0-63 pJnin< is again obtained if we use the criterion of maximum shear strain energy of von Mises. According to this criterion, plastic flow occurs when rf + r | + r § = &>}, (6-1) where r l5 r 2, t3 are the three principal shear stresses, given in terms of the principal stresses crv cr2 and <r3 by r x = I K~*»)> r2 ~ l(o -3 -0*1), t3 = K g'! -cr2).
I t can be shown th at the expression on the left-hand side of equation (6-1) reaches its maximum on the 2-axis, and for points on this axis, on account of symmetry,
The determination of static and dynamic yield stresses 431 so th at 1 r x | = \( From equation (6-1), failure will therefore begin when and where the maximum value of 2 (t! + t| + t §) -(Zz-X x)2 {Zz -2 = K -( becomes equal to p 2. The criterion of maximum shear strain energy thus leads to the same result as the Guest-Mohr criterion of maximum difference of principal stresses, and therefore leads to the equation p y = 0 * 6 3^^ . A third factor, which may account for the discrepancy in question, is the difference in work-hardening between a tensile or compression test on the one hand, and the ball test on the other. I t may well be th at all three factors contribute to the difference under discussion and, in this connexion, the results given in table II I of Taylor's paper (1946) , and the observation due to Mrs Tipper, th at the yield-stress given by the ball method is much nearer to the 'ultimate stress', are of interest.
Turning next to the values of the yield stress obtained by the ball method under static and dynamic conditions, it is worth while pointing out that, since the stress distributions in the statical and dynamical experiments are identical (seep. 419), the ratio of the dynamical to the statical yield stresses, as determined by the present method, is independent of the criterion of failure; the ratio is therefore a real property of the material which is being tested. This is brought out very clearly by equation (II) of Taylor's paper, P yclIP ys = in the present notation; here the static load P mln is supposed to be due to gravity acting on a mass M g. (P,nln = Mg) and the dynamic load by a fall through a vertical distance ^mln, cm.
The general trend of the present results for different types of steel is in agreement with the results obtained by other workers. The curve given in figure 3 of Taylor's paper is interesting in this connexion. This curve shows the relationship between PydlPys> determined by the projectile method at the Road Research Laboratory, and the static yield stress obtained in a tensile test; the figure also shows values obtained by the ball method. Both sets of results show a decrease of as static yi©ld stress decreases, but the value of Pva l P y s given by tbe bal1 m yield stress is significantly lower than the value given by the projectile method. The difference is probably due to the fact mentioned earlier, th at the ball method really tests only a very limited region of the specimen near the surface, whilst the projectile method gives a result averaged over the whole specimen, or, expressed differently, small local variations, due to the change in the properties of the layer caused by polishing can lead to considerable variations in the results given by the ball method, whereas effects of this kind are negligible in the projectile method.
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